The results of investigation of the associated rocks with the Saddle Beds Coals Seams from Chwało-wice Trough were presented in this article. The results of researches show that sandstones and mudstones dominate in the investigating profile. Claystones are situated mainly in ceilings and floors of coal seams. Grains of sandstones include mainly quartz, feldspars, micas and also quartzite's and gneiss's fragments. It is also possible to observe small grains of heavy minerals. Some of sandstones present bad compactness and are destroyed during transportation. This feature is connected with presence of little quantity of cement, especially in medium grained sandstones, which include more matrix than typical cement. The cement is built mainly of clay minerals, kaolinite and illite, carbonates and chalcedony but X-ray diffraction confirmed also the presence of halite in the cement of investigated sandstones.
Introduction
The results of investigation of the rocks associated with coal seams in Chwałowice Trough were presented in this article. Chwałowice Trough belongs to Upper Silesian Coal Basin. It is placed in the West part of Upper Silesian Coal Basin (USCB). This coal basin is built of Carbon sediments (Gabzdyl, 1999; Probierz et al., 2012) . The formation includes clastic rocks-sandstones, mudstones, claystones and in some areas conglomerates interlayer by coal seams (Chodyniecka & Hanak, 1985; Chodyniecka & Probierz, 1985; Dopita & Kumpera, 1993; Kruszewska et al., 1977; Lipiarski & Muszyński, 2001; Stanienda, 2001; Wilk, 1979 ) .
The samples of rocks were taken form Saddle Beds in Chwałowice Coal Mine. The Saddle Beds are mainly built of sandstones and mudstones. Claystones are situated mainly in ceilings and floors of coal seams. To characterize rocks macroscopic description and microscopic, chemical, thermal and X-ray analyses were executed. The results of analyses permitted to characterize petrographic composition of these rocks.
Geological building of Chwałowice Trough
Chwałowice Trough is situated in the West part of the Upper Silesian Coal Basin between Jejkowice Trough in the West and Jastrzębie Syncline and Anticline in the South-East.
Upper Silesian Coal Basin belongs to Euroamerican Coal Province. Deposits which include coal seams were formed in the North Hemisphere of Earth during the time of upper Carbon (Dopita et al., 1997; Gabzdyl, 1999) . The coal basins formed this time in Europe are usually built of clastic rocks with interlayers of coal seams. In Upper Silesian Coal Basin strata of lower part of upper Carbon profile were formed in sea basin. It is Paralic Series (Table 1) . Strata of upper part of this profile were formed in limnic conditions. Chwałowice Trough is bordered by Orłowa-Boguszowice and Michałkowice Overthrusts. The Strata of Carboniferous which built the Trough are: from bottom Petřkovice Beds, Hrušov Beds, Jaklovec Beds, Poruba Beds, Saddle (Anticlinal) Beds, Ruda Beds to Załęże Beds in the top (Table 1 ). The profile of each series of rocks associated with coal seams in West part of the Upper Silesian Coal Basin, also in the Chwałowice Trough includes different content of sandstones, mudstones, claystones and conglomerates (Gabzdyl, 1999) . Coals from West part of the Upper Silesian Coal Basin present types from 31 to 34. In the North and North-West part of the USCB is also possible to find anthracites. The coals from West part of the Upper Silesian Coal Basin are built of various macerals which present differentiated chemistry (Gabzdyl, 1999; Komorek et al., 2010; Kruszewska et al., 1977; Morga, 2011; Probierz et al., 2012) . Series of sediments in Chwałowice Trough (Gabzdyl, 1999; Probierz et al., 2012) 
Saddle (Anticlinal) Beds
Saddle (Anticlinal) Beds form the lower level of the Upper Silesian Sandstone Series (Gabzdyl, 1999; Chodyniecka & Probierz, 1985 , Probierz et al., 2012 . These strata include coal seams with numbers of 500. Their profile begins from eroded conglomerate and ends in the ceilings of 501 coal seam. The medium thickness of these strata is 339 m. The investigated profile had 300 m of thickness and its included rocks associated coal seam of Saddle Beds from 501/1 coal seam to 508 coal seam. Sandstones and conglomerates dominate in the profile of Saddle Beds. The total thickness of sandstone is 124 m (41,3%), mudstone -about 70 m (23,3%) and claystone -about 44 m (14,6%). The total thickness of coal seams is 62 m (20,6%). Coals from Saddle Beds are vitrain, durite or trimacerite type (507 coal seam) with variable content of other lithotypes (504 and 506 coal seams) (Gabzdyl, 1999; Kruszewska et al., 1977) .
Methodology of researches
The samples were collected in the Chwałowice Coal Mine in the working floor 390, which is situated in the East part of mining area (Pl. 1, Pl. 2). Chip samples were taken in the East Cross-out I. Its length is 700 m. The sampling was executed along the cross-out, in places of rocks exposures. Fourteen samples were collected from here: 5 sandstones, 5 mudstones and 4 claystones.
Microscopic analysis was executed using Opton Axioplan Universal Microscope with Image Analyser K300, produced by Zeiss. X-ray diffraction was done by the Debye-Scherrer-Hull (DSH) method, using X-Ray Diffractometer M61, equipped with the cobalt lamp with the iron filter. Mudstones, claystones and cement of sandstones were investigated by this method.
The thermal analysis was executed using derivatograph F. Paulik-J. Paulik-L. Erdey, Parameters of the measurement: time -100 minut, maximal temperature -1000°C, sensitivity DTA and DTG -1/10, TG -500 mg, sample mass -600 mg.
Results of researches
In Chwałowice Coal Mine 14 samples were collected: five sandstones (samples 3, 6, 8, 10, 13), five mudstones (samples 2, 4, 9, 12, 14) and four claystones (samples 1, 5, 7, 11) (Pl. 1 and 2). (Stanienda, 2001) Sandstones are fair grey in colour (samples 6, 8, 13), sometimes beige (sample10) or dark grey (sample 3). They present psammitic texture, medium grained (samples 6, 8, 13) or finegrained (samples 3, 10) and massive, disordered (samples 3, 6, 8, 13) or laminar (sample 10) structure (Pl. 3 -D, E). Lamination is connected with the presence of fair and dark strata, sometimes lamina with grains different in size and dark lamina of organic matter. Some of sandstones (Stanienda, 2001) . Moreover some of heavy minerals were also found (Stanienda, 2002) . The clasts are badly graded (Pl. 3 -C, D). The size of grains hesitates from 0,1 to 1,2 mm. Among the clasts quartz dominates. Its crystals are different in chipping (Pl. 3 -B, E). Some of them are rounded, and others are angular. Muscovite and biotite form plates different in size, sometimes bended and crushed (Pl. 3 -A, B, D, E). In samples 6, 8 and 13 two generations of biotite were observed. The first type includes plates with visible unidirectional cleavage (Pl. 3 -B). Its very easy to describe optical properties in this type of biotite. The second type is weathered biotite. Its not possible to observe the cleavage or analyse optical properties in these plates but its possible to notice the results of the weathering phases and even products of weathering-clay minerals or green plates of chlorite. Feldspars grains are usually big, different in shape and very often weathered, so its difficult to observe the cleavage in the crystals. Among rock grains quartzites, gneisses and silica rocks dominate (Stanienda, 2001) .
In sandstones also heavy minerals like garnets (Pl. 3 -G, H), zircon (Pl. 3 -I), rutile (Pl. 3 -J), tourmaline (Pl. 3 -K) and apatite (Pl. 3 -K) were found (Stanienda, 2002) . Their crystal are usually smaller than the other ones. It was possible to identify and describe them after separation from the samples using bromoform liquid and following prepare special powder samples for microscopic researches (Stanienda, 2002) .
Sandstones present mainly contact in some areas of rock, porous (samples 6, 8, 13) or basic (samples 3, 10) cement (Pl. 3 -A, D, E) (Stanienda, 2001) .
The cement includes typical cement small grains and bigger grain of matrix, which dominate in samples 6, 8 and 13 (Table 2) . Matrix is mainly composed of quartz, feldspars and chlorite, but the cement in general is mainly built of clay minerals, carbonates and chalcedony. Clay minerals were identified by X-ray diffraction (Stanienda, 2001 ) and thermal analysis. Kaolinite and illite dominate in the cement (Pl. 4 -A to F). X-ray diffraction allowed also to identify quartz, chlorite, halite and small amount of feldspars (samples 6, 8, 13) (Pl. 4 -A, C, E).
Among carbonate minerals dominate siderite and dolomite, which was identified during microscopic researches by variable relief and high interference colours.
The organic matter present in sandstones form usually lenses, lamina or oval concentration of carbon, sometimes is dispersed. Plate 4. X-ray diffraction patterns and derivathograms of the sandstones' cements. A -X-ray diffraction pattern of the sample 6 cement; B -Derivathogram of the sample 6 cement; C -X-ray diffraction pattern of the sample 8 cement; D -Derivathogram of the sample 8 cement; E -X-ray diffraction pattern of the sample 13 cement; F -Derivathogram of the sample 13 cement; K -kaolinite, I -illite, Q -quartz, F -feldspar, Ch -chlorite, Na -halite Based on the results of microscopic, planimetric analysis (Table 2) , the sandstones were classified in classifications of Pettijohn-Potter-Siever 1973 (Pettijohn et al., 1973; Stanienda, 2001 ) (Pl. 5) and Krynin (1948) (Krynin, 1948; Stanienda, 2001 ) (Pl. 6).
According to Pettijohn-Potter-Siever classification, samples 6, 8 and 13, because of the presence of matrix and the cement content below 15%, represent arenites (Pl. 5). because of high content of rock grains, quartzites and gneisses, they are lithic arenites. Rocks 3 and 10, include above 15% of cement, so they represents wackes (Pl. 5). Sample 3 is lithic wack which is composed mainly of quartz and rock grains. Sample 10 is feldspathic wack. According to Krynin classification sample 3 belongs to greywacke sandstone group and samples 6, 8, 10 and 13 represent greywacke sandstones of lower order (Pl. 6).
Plate 5. Position of sandstones in classification of Pettijohn-Potter-Siever (1973) (Pettijohn et al., 1973; Stanienda, 2001 ) a) classification triangle of arenites: I -quartzose arenites, II -sublithic arenites, III -arkosic arenites, IVlithic arenits; b) classification triangle of wackes: I -quartzose wackes, II -arkosic wackes, III -feldspathic wackes, IV -lithic wackes, Q -quartz, R -rock grains, F -feldspars Plate 6. Position of sandstones in classification of Krynin (1948) (Krynin, 1948; Stanienda, 2001 ) Q -quarz and silica rocks' grains, F -feldspars and kaolinite, R -micas, chlorites; I -quartzose sandstones, II -arkosic sandstones, III -greywackes, II' -arkosic sandstones of lower order, III' -greywackes of lower order Mudstones (samples 2, 4, 9, 12, 14) are dark grey in colour. They have aleuritic texture and massive, disordered (sample 9) or laminar (samples 2, 4, 12, 14) structure. Lamination is connected with the presence of fair and dark strata, sometimes lamina with grains different in size (Pl. 7 -A) and dark lamina of organic matter or parallel plates of muscovite (Pl. 7 -B) (Stanienda., 2001) . In mudstones, among the grains quartz, biotite and muscovite dominate (Pl. 7 -A, B, C, D, E) . The size of grains hesitate form 0,1 to 0,2 mm. Quartz grains are badly graded (Pl. 7 -A, B, C). They are oval in shape (Pl. 7 -B, C). There are lots of muscovite plates, sometimes parallel to each other (Pl. 7 -C). Biotite plates usually weathered are smaller. The content of minerals which form grains in mudstones (Table 4) for samples 9 and 14 was calculate based on the results of chemical analysis (Table 3) .
The cement of mudstones is basic and built of clay minerals (Pl. 7 -A, C, D, E), carbonates (siderite dominates) (Pl. 7 -C, D) and chalcedony (Pl. 7 -A, C, E). There is also lots of organic matter dispersed or forms lenses or lamina. The mineral composition of mudstones was confirmed by the results of chemical analysis and X-ray diffraction. According to these researches quartz, kaolinite and illite dominate in mudstones but chlorite and feldspars were also identified (Pl. 8 -A, B, C, Pl. 9 -A, B).
Claystones (samples 1, 5, 7, 11) are dark grey or black in colour. They present pelitic texture and massive, disordered (samples 5, 7) or laminar (samples 1, 11) structure (Stanienda, 2001 ) (Pl. 7 -F, G, H, I, J). Lamination is connected with the presence of fair and dark strata (sample 1), and dark lamina of organic matter (sample 11) (Pl. 7 -F, G, H). Clay minerals dominate in claystones, mainly kaolinite and illite, identified by X-ray diffraction and also quartz, muscovite and carbonates. Quartz grains are small and rounded. Plates of muscovite are different in size. There is also lots of organic matter dispersed or in forms of lenses or lamina.
The mineral composition of claystones was confirmed by the results of chemical analysis, X-ray diffraction (Pl. 9 -C, Pl. 10 -A, C, E) and thermal analysis (Pl. 9 -D, Pl. 10 -B, D, F). The content of minerals which form claystones (Table 4) was calculate based on the results of chemical analysis (Table 3) . By X-ray diffraction quartz, kaolinite, illite and chlorite were identified (Pl. 9 -C, Pl. 10 -A, C, E) and by thermal method -mainly clay minerals -kaolinite and illite (Pl. 9 -D, Pl. 10 -B, D, F). C -X-ray diffraction pattern of the sample 9; K -kaolinite, I -illite, Q -quartz, F -feldspar, Ch -chlorite Plate 9. X-ray diffraction patterns of samples 12, 14 (mudstones) and 1 (claystone) and derivathogram of sample 1.
A -X-ray diffraction pattern of the sample 12; B -X-ray diffraction pattern of the sample 14; C -X-ray diffraction pattern of the sample 1; D -Derivathogram of the sample 1; K -kaolinite, I -illite, Q -quartz, Ch -chlorite 
Conclusions
Petrographic building of rocks associated coal seams of the Saddle Beds in Chwałowice Trough was presented in this work. Chwałowice Trough is the structure which belongs to Upper Silesian Coal Basin. Saddle Beds are sediments of the Upper Carbon.
The results of executed analyses permitted to characterize petrographical composition of the investigated rocks.
The results of the investigations show that sandstones and mudstones dominate in the investigating profile (66,4%). The claystones (14,6%) are situated mainly in ceilings and floors of coal seams. It is typical for Saddle Beds not only of Chwałowice Trough but also for other areas of Upper Silesian Coal Basin.
The sandstones are composed of quartz, feldspars, micas and also of quartzite's and gneiss's fragments and heavy minerals. The presence of quartzite and gneissic grains can indicate that alimentation areas of sandstones were built mainly of metamorphic rocks and old granitoides (Stanienda, 2002) . The types of heavy minerals confirms this theory. Zircon is typical mineral for granites, garnets are usually present in metamorphic rocks. Rutile can be observed in both, magmatic and metamorphic rocks. Some sandstones present a very bad compactness. They are being destroyed during transportation. This feature is connected with presence of little quantity of cement, especially in medium grained sandstones, which include more matrix than typical cement. The cement is built mainly of clay minerals, kaolinite and illite, but X-ray diffraction confirmed also the presence of halite in the cement of investigated sandstones (Stanienda, 2001 ). According to Anna Wilk (1979) salty waters, which are present in coal mines could also influence the bad compactness of sandstones.
The mineral composition of sandstones permitted to classify them in two petrographical classifications, classification of Krynin (1948) and classification of Pettijohn-Potter-Siever (1973) . According to Krynin (1948) classification (Stanienda, 2001 ) sandstones represent greywackes. In Pettijohn classification (1973) samples 6, 8 and 13 are situated in the field of lithic arenites and samples 3 and 10 in the field of wackes (Stanienda, 2001) .
The sandstones of Chwałowice Trough are similar to sandstones from area of Mikołów which were investigated by L. Chodyniecka and K. Probierz (1985) and also to sandstones form Murcki Coal Mine which were investigated by L. Chodyniecka and B. Hanak (1985) .
Mudstones and claystones are composed mainly of clay minerals. It's also possible to find quartz and micas there. The rocks from Chwałowice Trough include also organic matter. Petrographic building of the Saddle Beds rocks is typical not only for rocks of this formation from Chwałowice Trough but also for rocks of this formation which occur in other areas of Upper Silesian Coal Basin.
